In an environment of resource rationing there are numerous patients who are unable to be admitted to a highdependency unit (HDU) postoperatively despite the belief that this is the optimal discharge destination for them from the recovery room. It is unknown if this is associated with an increase in adverse outcomes. We performed an observational study, over a two-month period, comparing outcomes between patients who were admitted to HDU postoperatively and patients who, although an HDU bed was preferred, were discharged from the recovery room to the general ward due to an unavailability of HDU beds. Our primary outcome variable was hospital length-of-stay. We found an almost twofold increase in hospital length-of-stay in the group of patients admitted to the HDU. ASA IV patients were more likely to be admitted to HDU. However, the increased length-of-stay in the HDU group persisted even after stratifying patients according to ASA status. There was no difference between groups in all other baseline demographic variables, including POSSUM score, which is used as a predictor of postoperative morbidity and mortality. We believe that the most likely explanation for our findings is that the baseline risk between groups is, in fact, subtly different. This is not detected by preoperative scoring systems. However, clinical judgement in the recovery room appears to select a group of patients for HDU admission who subsequently have a slower postoperative recovery, despite no measurable increase in complication rate. That there was no increase in adverse events in the group of patients unable to be admitted to HDU due to a lack of bed availability suggests that current clinical judgement in a resource-rationed environment is functioning adequately, but the study was not powered to detect such a difference.
The ever-growing demand on the finite resources of intensive care unit (ICU) beds is increasingly recognised throughout the Australian healthcare system. Within a surgical context, this has a number of flow-on effects. It may result in cancellation of elective surgical cases that are considered likely to require postoperative care in an ICU or highdependency unit (HDU). When surgery does proceed and no HDU bed is available, the options include interhospital transfers of critically ill patients, premature discharge of other patients from the ICU/HDU to create beds, or the inappropriate management of high-risk postoperative patients in the general ward. HDU provides the capability for all the invasive monitoring of ICU but without the provision of mechanical ventilation 1, 2 . With a nursing ratio that is typically 1:2, HDU is believed to be a lower cost alternative to ICU in critically ill patients who do not require mechanical ventilation.
A number of recent studies have investigated the impact of these decisions on patient outcome. Duke and colleagues 3 demonstrated an increase in both ICU and hospital length-of-stay (lOS) in critically ill patients who underwent inter-hospital transfer due to a lack of available ICU beds within their original hospital. Premature or overnight discharge from an ICU is also associated with an increased risk of both readmission and death [4] [5] [6] [7] [8] . However, there is also the group of patients for whom the monitoring and more intensive clinical care of an HDU is considered appropriate in the postoperative period but, due to a lack of bed availability, are discharged directly from the recovery room to the general ward. There have been few studies which have attempted to investigate the outcomes in this group of patients. One such study did demonstrate a doubling of mortality in the group of postoperative patients who were cared for in a lower level care location than deemed optimal by their surgeon or anaesthetist 9 . However, the data from this study is nearly ten years old and it comes from the United Kingdom, where the experience may not translate to contemporary Australasian practice.
The problem is considerable. In 2004 in our own institution, there were in excess of 700 refusals for admission to ICU/HDU, yet only a little over 100 inter-hospital transfers (ICU Audit, Alfred Hospital, 2004). Many of the remaining 600 patients were managed on the general wards. It is with this group of patients in mind that we decided to undertake this study of outcomes in postoperative patients who were admitted to the general ward rather than HDU, due to a lack of bed availability.
MeTHODS
After obtaining institutional ethics committee approval and multiple information sessions with both anaesthesia medical and recovery room nursing staff, we performed a prospective, observational study of all patients passing through our Operating Suite over a two-month period, from July 5, 2004 to September 5, 2004 . The treating anaesthetist was asked to indicate their preferred location of postoperative care for the patient. The final decision as to discharge destination was ultimately determined in the recovery room by the ICU medical staff, in consultation with the anaesthesia and surgical staff, depending on bed availability and clinical judgement. Consequently, all patients were classified as one of the following:
I. low risk patient not requiring HDU, suitable for postoperative care on the general ward II. patient in whom HDU was the preferred location but who was discharged to the general ward due to a lack of available HDU beds ('no-HDU') III. patient admitted to HDU ('HDU') IV. patient admitted to ICU.
We planned to compare outcomes between those patients who were admitted to the HDU postoperatively and those patients who, although an HDU bed was preferred by the anaesthetist, went to the general ward due to an unavailability of HDU beds (HDU vs no-HDU).
no published criteria exist to define exactly what characteristics make a patient 'HDU appropriate'. After canvassing the opinion of several senior anaesthetists within our department, we established a broad set of guidelines (see Appendix 1) for anaesthetists to consider when making this decision. However it must be recognised that such guidelines cannot encompass every clinical scenario and, ultimately, the decision as to whether or not HDU was the preferred location for a particular patient was at the discretion of the treating anaesthetist.
DATA COlleCTIOn
Medical records were examined for 30-day outcomes. Our primary outcome was hospital lOS, a recognised indicator of adverse events. Secondary outcomes included 30-day mortality, major complications including myocardial infarction, pneumonia, stroke, acute renal failure, sepsis and unplanned return to the operating room (OR), number of Medical emergency Team (MeT) calls and combined HDU/ICU lOS. We also recorded and compared quality of recovery on the first postoperative day using the QoR score 10, 11 .
The Physiological and Operative Severity Score for the enUmeration of Mortality and morbidity (POSSUM) were used to estimate perioperative risk of morbidity and mortality. POSSUM is calculated on the basis of 12 physiological variables measured preoperatively and 6 operative variables to give an estimated risk of both perioperative morbidity and mortality at 30 days. It has been validated in a range of surgical procedures 12, 13 . Whilst it is more objective and precise than ASA score, it is also substantially less complex and more applicable to our group of patients than an APACHe score. Although numerous variations of the POSSUM equation have been described, we used the original version of the POSSUM score 14 .
DeFInITIOn OF OUTCOMeS
Hospital lOS was measured from time of completion of surgery until actual hospital discharge. Thirtyday mortality was measured from the date of surgery. ICU/HDU lOS was measured from admission until actual discharge out of the unit. Quality of Recovery (QoR) scores 10 were administered and recorded by our departmental quality assurance co-ordinator. Medical emergency Team (MeT) calls and other major complications were ascertained by chart review by the authors (DRM and BDC). Where there was any doubt as to the occurrence of a complication, the opinion of a third anaesthetist, blinded to patient group, was sought to resolve the issue. Major complications were defined as: • Myocardial infarction-confirmed by eCG and/or troponin or creatine kinase (CKMB) enzyme rise. • Pneumonia-confirmed by chest X-ray combined with 2 or more of temperature >38°C, white cell count >12,000/ml, positive sputum culture. • Stroke-a new neurological deficit, confirmed by neurologist assessment and/or CT scan or MRI. • Acute renal failure-an increase in serum creatinine to >100% above baseline (and outside the normal reference range) or the initiation of renal replacement therapy. • Sepsis-positive blood cultures in association with either temperature >38°C or evidence of organ dysfunction. • Unplanned return to the OR-return to the OR within 30 days of index surgery that was not planned prior to completion of the initial surgery.
STATISTICAl AnAlySIS
Demographic variables of the two groups (HDU vs no HDU) were recorded and included age, operation, specialty, ASA status, POSSUM score at time of induction of anaesthesia, duration of surgery, time spent in recovery room and the time of day discharged from recovery room. Continuous variables, including the primary outcome of hospital lOS, were analysed by t-tests where the data were normally distributed and Mann-Whitney U-tests for non-normal data. The primary outcome variable of hospital lOS underwent logarithmic transformation to a normal distribution to facilitate multivariate regression analysis. Dichotomous outcome variables were assessed using Chi-squared analysis with yates correction where appropriate. Results were analysed using SPSS for Windows, version 11.0.
ReSUlTS
A total of 1574 patients presented to the Operating Suite during the two-month period. For 89 of these patients (5.7%), the anaesthetist indicated that a HDU facility was their preferred location for postoperative care. These patients were from a diverse range of surgical specialties including acute trauma (n=19), cardiothoracic (n=6), neurosurgery (n=8), vascular surgery (n=9), head and neck (n=11), urology (n=4), plastic (n=1), orthopaedic (n=3) and general surgery (n=26). One patient was excluded from further study after deteriorating in the recovery room and being admitted to ICU and another patient was excluded from analysis due to a lost medical record. Complete follow-up data were available for 87 patients (98%).
Of the 87 patients for whom HDU care was preferred by their anaesthetist, 50 (57.5%) were admitted to the HDU while the other 37 patients (42.5%) were admitted to the general ward for postoperative care. This represents more than 40% of requests for postoperative HDU care being refused due to a lack of HDU bed availability. There was no difference between groups in terms of age, gender, emergency status, level of supervision, duration of surgery, nor time of discharge from the recovery room ( Table 1 ). The HDU group had a higher proportion of ASA IV patients (P=0.01) but with similar POSSUM predicted morbidity.
Patients admitted to HDU had a significantly prolonged hospital lOS when compared to the no-HDU group (median 14.5 days vs 7.5 days, P=0.004). This difference in lOS between groups persisted even after stratifying for ASA status ( Figure  1 ) and after removing patients with obstructive sleep apnoea from the analysis ( Table 2) . At the discretion of the ICU medical staff, they provided daily followup to a subset of the no-HDU group whom they considered to be particularly "high-risk". When lOS for this group (n=10) was analysed separately from the remaining no-HDU patients, their lOS was similar to the HDU group (median 16.8 days vs 14.5 days, P=0.62). Patients admitted to the HDU had a significantly lower Day 1 QoR score when compared with the no HDU group of patients (Table 2) .
There was no difference between groups in 30-day mortality, all-cause morbidity nor any of the specific complications (Table 3 ). Three patients in the no-HDU group (8.1%) subsequently required admission to either HDU or ICU at some stage during their 30-day follow-up.
Regression modelling to identify predictors of lOS was performed using age, gender, emergency status, ASA status and HDU/no-HDU status. Although the model was not particularly robust (adjusted R 2 =0.11), 
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the only factor to be of significant predictive value was ASA status (P=0.02). HDU vs no-HDU just failed to achieve statistical significance in the model (P=0.065).
DISCUSSIOn
In this study we have demonstrated that surgical patients admitted to the HDU postoperatively have a significant increase in hospital lOS compared to a similar group of patients who were not admitted to HDU due to a lack of bed availability. We did not find a difference in mortality or major morbidity between patients who were, or who were not managed in HDU in the immediate postoperative period, although this study was not adequately powered for this purpose.
There are several possible explanations as to why patients admitted to HDU had a longer lOS. We believe that the most likely explanation for this difference is that the two groups of patients are, in fact, subtly different in their risk. This may be in a way that is either not clearly captured by the preoperative assignment of risk with ASA or POSSUM scores or else of a magnitude small enough so as not to be detected in a study of this size. Predictive scoring systems provide a single 'snapshot' view of patient health status. It is conceivable that clinical judgement allows for the discrimination between two patients with the same POSSUM score in the Recovery Room, one whose condition may be improving and the other whose condition may be deteriorating. It appears that with the additional benefit of seeing how the patient has tolerated the surgical procedure, anaesthesia and ICU medical staff were able to select those patients whose need of extra monitoring and support warrants an HDU environment. By adequately selecting which patients most need admission to HDU on the basis of clinical judgement from within the recovery room, they are able to then be supported through what amounts to a slow-stream recovery. This term may refer to a group of patients in whom post-surgical recovery is significantly slower than another group of patients, despite similar predicted risk between groups and no observed difference in postoperative morbidity to explain the slower recovery. Whether HDU is simply supporting patients through this slowstream recovery or is of itself contributing to it in some way is not clear. However, most of the increased hospital lOS in the HDU group is actually due to time spent on the general ward following HDU discharge. If, as we hypothesise, the two groups do actually present subtly different risk profiles, then the subgroup of no-HDU patients who received daily ward follow-up from the ICU medical staff may actually provide a more valid group for comparison with the HDU group. Although this group is small (n=10) in our study, the fact that their lOS was not different from the HDU group would support the concept that current utilization of rationed HDU-bed resources is not resulting in obvious patient harm. However, the small numbers in this group mean that results must be interpreted with caution.
The only other observed outcome difference between the groups was a small but significant reduction in Day 1 QoR-score (Table 2) in the group of patients admitted to HDU. We do not have enough detail in our data to further analyse which components of the QoR score account for this difference. While the increased level of invasive monitoring in the HDU may be enough to impact on QoR score by reducing mobility and independence, it is possible that these lower QoR scores may be detecting subtle differences in risk that are expressed by the patient's subjective experience of well-being, respiratory difficulty, pain and cognition. Although speculative, this would be consistent with previous work that demonstrated an inverse correlation between ASA status and postoperative QoR scores 11 .
Another potential explanation is that anaesthetists were over-cautious and subsequently had a low threshold for referral to HDU. However, data from another study with a similarly diverse case-mix 15 have described 7% of surgical cases requiring HDU postoperatively. Our study, showing only 5.7% of cases being 'HDU preferred' by the anaesthetists, does not suggest a pattern of over-referral.
It may also be argued that the HDU group of patients were simply a sicker patient cohort and, on multivariate analysis, ASA physical status was the only significant predictor of lOS. However, in the same model, HDU vs no-HDU had a standardized Beta coefficient of 0.2 that could be considered of marginal statistical significance (P=0.065). This failure to achieve significance could, in part, be explained by our small sample size or by a degree of colinearity between HDU admission and ASA status. In our study, patients with higher ASA status were more likely to be admitted to the HDU and this must be considered a potential confounder of our results. However, the difference in hospital lOS persisted even after stratifying patients according to ASA status. It was only amongst ASA IV patients that this difference was lost but, within this subset, patient numbers were too small to allow any significant conclusions to be drawn. With only five classes, the ASA system of classification lacks precision and within any given class (particularly ASA II and III) it is possible to have patients with markedly varying degrees of pathology, and hence, perioperative risk. This may help explain the continued difference in lOS even after stratifying for ASA status. However, the POSSUM predicted morbidity (63.9% vs 53.1%, P=0.13) for the two groups is similar. even if a true difference in predicted morbidity existed that we failed to detect due to a lack of power, the clinical significance of a small magnitude difference is arguable in the context of a doubling of hospital lOS.
Patients referred to HDU for postoperative care because of obstructive sleep apnoea (OSA) were less likely to be admitted to the HDU than other patients. Many of these patients were having relatively minor surgery and some experts would argue that it is appropriate for them to go to the ward postoperatively if they are able to use their usual CPAP machine, have continuous overnight pulse oximetry and close nursing supervision. However, even after excluding these patients from the analysis, the increased lOS amongst the HDU group remained. Furthermore, the similar demographics between groups confirm that any differences cannot be explained on the basis of age, gender or emergency status.
Is HDU actually causing harm that is reflected by this increase in hospital lOS? This is an unlikely explanation given that the overall morbidity rate of the HDU group is no different from that observed in the no-HDU group and both are substantially less than that predicted by the POSSUM score. However it must be acknowledged that the study was not powered to detect a difference between groups in morbidity. POSSUM scores have been criticised for over-estimating mortality amongst low-risk patients 16 but they have been validated in moderate and highrisk patients in a variety of surgical specialties [17] [18] [19] .
Our findings are in contrast to a study from the United Kingdom 9 , which reported a twofold increase in mortality amongst postoperative patients who were not able to be admitted to an HDU due to bed shortages. They cited examples of both inadequate monitoring and an inadequate response to the early signs of physiological deterioration as contributory to this increased mortality amongst ward patients. It must be acknowledged that their data represent a different healthcare system from our own and is now almost 10 years old. Since that time, there has been increased use of monitoring such as pulse oximetry on general wards, the introduction of MeT teams and, quite possibly, an improved level of education, understanding and performance by both junior medical staff and ward nursing staff 20, 21 . However, it is important to recognise that we have compared ward care within our teaching institution with HDU care within the same institution. It would be unwise to generalize these results to other hospitals where casemix and patterns of practice may vary.
Our observational study has several weaknesses. lOS is only a surrogate marker for adverse events and our observed differences may be subject to unrecognised confounding. It is possible that simply having been admitted to HDU places a patient on a different path-of-care that leads to a longer hospital lOS. There may also be important differences in the baseline characteristics of our groups that we have failed to detect and it is impossible to extrapolate what the outcome in the HDU group might have been had they not been admitted to an HDU facility. Only a randomized, controlled trial would be able to resolve this. Our small numbers make negative results difficult to interpret but our very strongly positive difference between groups in hospital lOS makes it unlikely that the no-HDU group are truly having greater morbidity or mortality than the HDU group that we failed to detect due to a lack of power. We may also be criticised for the potential allocation bias introduced by the subjective way in which a patient was deemed appropriate for HDU. Different anaesthetists will have had slightly different thresholds at which they requested an HDU bed, but in the absence of published guidelines as to what constitutes an appropriate HDU admission, this remains representative of real-world practice and demands for this finite resource.
The Royal College of Anaesthetists in the U.K. recommends that "elective surgery should be postponed if the appropriate level of postoperative care is unlikely to be available" 22 . Our results do not contradict this statement. However, they do indicate that further studies are required to better predict which patients really do benefit from HDU care and whether this can be adequately predicted preoperatively. It is encouraging that our current pattern of practice and resource utilization in an environment of HDU bed rationing does not appear to be resulting in patient harm. For now, our study suggests that clinical judgement, more than predictive scores, should continue to guide decision-making regarding the need for postoperative care in the HDU and that it may be quite appropriate to reserve that judgement until the patient is through surgery and in the recovery room.
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